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An alpha-male chimpanzee allots mating opportunities with receptive
females in return for support from potential competitors. Although
ubiquitous among humans and apparently rare among animals,
exchange of one currency for another — in this case sex for power — may
not be cognitively demanding.Richard W. Byrne
Trade makes the world go round.
But trading is more fundamental to
humanity than just a matter of
modern commerce. Every known
society has relied on trade in
some way, whether or not this
was based on an exchange
currency of arbitrary value. Even
division of labour between the
sexes may be seen as a sort of
trading: though the terms of trade
may sometimes make the
exchange seem an unfair one. Now,
as reported recently in Current
Biology, Kimberley Duffy, Richard
Wrangham and Joan Silk [1] have
shown that chimpanzees trade
mating opportunities for support
in power contests.
Oddly, trade is seldom if ever
singled out as one of those
‘uniquely human’ attributes that are
so often postulated to explain the
gulf between the human condition
and that of other animals —
tool-making, grammatical syntax,
nakedness, shelter-construction,
theory of mind, carrying
possessions, big-game hunting
with weapons, symbol use,
personal decoration, and so on.
Perhaps this is because biologists
have assumed that trade is routine
among animals. In particular,
catarrhine primates (Old World
monkeys and apes) use social
grooming as if it were a sort of
exchange currency. All primates
groom, and grooming undoubtedly
has a useful hygienic function:
but these species groom their
social companions far more than
is necessary for removal of
ectoparasites. Utilitarian
grooming is expected to be
symmetric (you groom my back, I’ll
groom yours), and should depend
on the local frequency of
ectoparasites and barbed plant
seeds. Among catarrhine
primates, individuals direct their
grooming preferentially towardsmore powerful group members [2],
and they allocate more time to
grooming when they form larger
social groups [3], suggesting
that more ‘work’ is then needed
to service a larger network
of allies.
Social grooming, then, has often
been considered a way for
monkeys and apes to build up
credit with potential allies, credit
that will later be ‘paid back’ in some
other currency. Payback might
be in willingness to form an
aggressive coalition, tolerance
of food scrounging, or provision
of aid to a victim of attack.
Grooming is costly in time, so the
currency is not arbitrary and
commitment cannot be faked.
This picture of monkeys and apes
involved in an elaborate network
of trading, with social grooming
as the exchange currency, is
a tempting and satisfying one.
However, efforts to test its
reality have often foundered [4].
The problem is that, although
donors of grooming do often
receive support from those whom
they have groomed, this may be
a consequence of some other
factor correlating with both [4].
Grooming certainly predicts
likelihood of support, but may not
always cause it. Causation has
been investigated in vervet
monkeys by using experimental
playback of vocalizations, shortly
after grooming episodes [5].
Monkeys were more likely to
respond positively to a call used to
recruit allies when they had
recently been groomed by the
caller — but only if the two were not
close kin. Relatives did support
each other, but their willingness
did not depend on recent
grooming, suggesting that
commitment to non-relatives
depends on past down-payments
of grooming. The only way to
dissociate the effect of grooming
from all its normal correlates is topersuade monkeys to groom an
individual without any social intent.
This has been cleverly done by
dripping syrup and seeds on the
hair of a long-tailed macaque, so
that its companion — by foraging
for the treats — automatically
groomed it [6]. Monkeys who
had received this ‘social
grooming’ were more likely to
support the inadvertent groomer,
strongly suggesting that
grooming really does build up
credit that can be drawn upon in
another currency.
Beyond this focus on grooming,
clear cases of trade still are
something of a rarity among
animals. So the discovery that male
chimpanzees buy the support of
their allies adds to existing
evidence that this species is
a deeply political animal [1].
Unlike most mammals,
chimpanzee males remain in their
natal community, and cooperate to
defend the community from
incursion and extend its territory.
Yet the same males compete for
mating opportunities, and it is
clear that some males are much
better able to recruit and hold
allies than are others, in the face
of this tension [7]. What does it
take for male political success?
One clue came from Toshisada
Nishida’s [8] study of power-
struggles at Mahale, Tanzania. An
apparently fickle male supported
first one, then another powerful
contender for alpha-status: he
himself never attained top rank,
but during the period of
instability he created he was able
to mate with females more
readily than anyone else. Was his
support traded against mating
opportunities? Duffy et al. [1]
have now investigated this
possibility systematically, and
have found that this is exactly
what happens. At Kanyawara,
Uganda, the alpha male
chimpanzee could have
monopolized access to females,
but in fact he did not: other males
were allowed to mate, but only if
they were his supporters. In fact,
controlling for rank, the mating
success of non-alpha males
was strongly predicted by
their level of support for the
alpha-male.
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demonstrated behaviour that is
disconcertingly ‘human’. Powerful
males manipulate access to sex in
order to buy support in their
politics. Now where have we heard
of that sort of thing before?
Shakespeare would have loved it.
But does this sort of manipulation
by favours really require any
special cognitive skills of the alpha
male chimpanzee? Maybe not. A
would-be Machiavelli has to
distinguish his peers individually
and remember who has been his
supporter and how far that support
went, and keep the score updated
regularly. With each male
characterized by his ‘supporter
rating’, the alpha-male needsC4 Photosynthesis
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C4 photosynthesis has evolved indep
New work suggests that these multip
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phosphoenolpyruvate carboxylase.
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Our understanding of the
mechanisms by which plants fix
CO2 has changed dramatically
over the last 40 years [1,2]. In
addition to the typical ‘C3’
photosynthesis, in which CO2 is
fixed into three-carbon molecules
by ribulose bis-phosphase
carboxylase (Rubisco), modified
systems known as ‘C4
metabolism’ and ‘crassulacean
acid metabolism’(CAM) are not
only present, but have been
derived multiple times from the
general C3 system [3]. C4
metabolism and CAM are both
adaptations that enable plants
to carry out the gas exchange
required for photosynthesis
while minimising water loss
through stomata. C4
photosynthesis involves the
co-option of one member of
the phosphoenolpyruvate
carboxylase (PEPC) family, which
is used for initial fixation of CO2
into a four-carbon molecule [4].simply to show tolerance in linear
proportion to the measure of past
support, for each male. Measure
for measure, one might say.
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Evidence from gene phylogenies,
morphological phylogenies and
a host of additional systematic data
suggest multiple origins of C4
photosynthesis [3]. But previous
phylogenetic analyses of the PEPC
gene family have suggested that
all, or most, of the C4-type PEPC
copies form a monophyletic group,
at least within major clades, such
as the grasses [8,9]. This has lead
researchers to hypothesize that an
ancestral C4 PEPC isoform might
have predated the monocot–dicot
divergence (discussed in [4]).
Parallelisms and convergences
in genetic and phenotypic traits are
well documented (reviewed in [10]).
While the traditional expectation is
for selection to drive convergence
in form through different
quantitative trait combinations
(Fisher’s infinitesimal model [11]),
evidence from empirical studies
provides evidence for parallel
genotypic adaptations at multiple
hierarchical levels [10]. It should be
noted, though, that most of this
evidence comes from artificial
selection experiments, little of it
has been evaluated statistically,
and how artificial selection
correlates to selection in more
complex natural environments is
unclear.
When PEPC functionality for C4
photosynthesis is considered in
